Background and Objective: The current challenge of diabetes mellitus is to prevent its complications. These complications are directly associated with hyperglycemia in diabetics. The HbA1c measurement is essential for long-term glycemic control. Synchronization of HbA1c measurement is important in order to avoid discrepancies between results reported by laboratories. This study aimed to evaluate the accuracy, precision and agreement of five HbA1c measurement methods with HPLC reference method.
. American Diabetes Association recommends that HbA1c can be used to diagnose diabetes with a threshold of ≥ 6.5% (18). There are several methods available for measuring HbA1c that are based on different physical, chemical and immunological characteristics of the glycosylated hemoglobin (2, 19 ). Since HbA1c is used for patient management, care, education and motivation for diabetes control, its measurement should be precise and accurate. Since the different methods of measuring HbA1c levels lead to results with unfavorable differences, it is essential to compare these laboratory methods in terms of precision, accuracy and agreement. In this way, laboratories are able to use alternative methods of HbA1c measurement if necessary, without any significant difference. Moreover, practitioners can confidently use the results of different methods for evaluation of patients' glucose status (20, 21).
MATERIAL AND METHODS
This study was carried out at the Department of Medical Laboratory Sciences, Ahvaz Jundishapur University of Medical Sciences. A total of 55 diabetic and nondiabetic individuals were selected for this study. First, the blood samples (3 ml) were collected in tubes containing EDTA (as anticoagulant). Then, HbA1c in all samples were measured using six methods of microcapillary electrophoresis (Sebia), enzymatic method (Pishtaz teb), immunoturbidimetry (Pars Azmoon), Boronate affinity (Nycocard), immunofluorescence assay (ichroma) and Tosoh G8 HPLC. It is automated HbA1c analyzers that works based on liquid ion exchange chromatography with high pressure. In this apparatus, separation is based on the ionic transaction difference between the hemoglobin components and superficial cation-exchange resins for ions in column. It functions based on capillary electrophoresis in free solution. In this technique, the charged molecules are separated based on their electrophoretic motion in alkaline buffer with a specific PH. The separation is also based on the electrolyte's PH and electro-osmotic flow. The basis of this method is to create a colored complex with aid of enzymatic reactions. In the first stage, total hemoglobin concentration
INTRODUCTION
Diabetes mellitus is a metabolic disorder characterized by hyperglycemia and impaired metabolism of carbohydrates, fats and proteins. This disorder is resulted from defect in either insulin secretion or insulin action or both (1) (2) (3) . It is also considered as one of the biggest public health problems around the world. The prevalence of this disorder among adults was estimated about 171 million in 2000. In 2030, this figure is expected to reach 366 million (4) . Diabetes mellitus is associated with disorders of eye, kidney, cardiovascular and other body systems. The long-term complications of diabetes include retinopathy and loss of vision, nephropathy that ultimately leads to renal failure, peripheral neuropathy with risk of foot ulcers and autonomic neuropathy that leads to intestinal, gastrointestinal, urogenital, cardiovascular and sexual disorders (5, 6) . The results of clinical trials on diabetes and its complications as well as prospective studies of diabetes in the UK indicate that the development and progression of diabetic complications can be delayed by monitoring glucose levels (7, 8). The most important tests widely used to monitor patients' blood sugar levels are blood sugar and glycosylated hemoglobin measurements (9, 10). There are some limitations for longterm glycemic control by blood sugar measurement; therefore, the glycosylated hemoglobin or HbA1c measurement is used widely as the routine clinical method. HbA1c is the product of glucose non-enzymatic and irreversible reaction with N-terminal Valine of beta chain of hemoglobin. Since red blood cells are completely permeable to glucose, the amount of HbA1c is completely proportional to the concentration of glucose. Glycosylated hemoglobin shows the average level of glucose concentration in the last 2 to 3 months (11-13). After the results of clinical trials on diabetes and its complications as well as prospective studies of diabetes in the UK, HbA1c was chosen as the gold standard method for measuring hyperglycemia (14) . Nowadays, HbA1c is accepted as the only main independent parameter of metabolic control and risk factor for development of diabetes complications. It is also widely used as the therapeutic target in diabetes management according to the kit instructions. Methods accuracy control The calibrators and controls related to each method were used for controlling and calibration. Two samples with normal and high HbA1c levels were used to evaluate the accuracy of the methods. The coefficient of variation (CV) was calculated after repeating the experiments through all the methods.
RESULTS
HbA1c levels in all 55 samples were assessed by the six aforementioned methods. The mean age of patients was 50.8 ± 12.4 years (with age range of 12-70 years). Twenty of these patients were male (36.4%) and 35 (63.6%) female. The mean and standard deviation (SD) of the results in both HPLC and Pishtaz Teb were 8.3% ± 2.6, 8.2% ± 2.6 in the Sebia method, 7.6% ± 2.1, in the Pars Azmoon method, 7.5% ± 2.2 in the Nycocard and 7.5% ± 2.4, respectively. The two samples selected were tested 20 times each using all the methods and the results were used to calculate the CVs between and within each run. In addition, they were tested by all methods two times for 5 days in the morning and evening and the results were used to calculate the CV between them. The results calculated by the SPSS are shown in Table 1 .
is measured at wavelength of 505 nm and finally, absorption of the created colored complex is determined at 660 nm to specify the amount of HbA1c. Combining the results of total hemoglobin and HbA1c in the system is used to calculate and express the percentage of HbA1c. The Pars Azmoon kit was installed on the Hitachi 911 device and the prepared samples were transferred to the device according to the manufactures instructions. This method is based on reinforced immunoturbidimetry by latex particles. The HbA1c value is determined directly and without measuring total hemoglobin. Twenty microliters of whole blood were prepared according to the kit instruction and then the samples were transferred to the Cobas Mira biochemistry autoanalyzer that the kit was already installed on. This method uses the technology that is based on boronate affinity. Five ml of whole blood from each participant was used for this test and the precipitation, reaction, washing and readings were performed according to the kit manufacturer instructions. This method is based on fluorescence immunoassay, particularly competitive immunoassay technology. Five ml of whole blood from each participant was obtained for the testing regression coefficients of 0.99 and 1.02 when compared to the HPLC method. The results of immunoturbidometry, boronate affinity and immunofluorescence assay showed significant differences with regression coefficients of 0.79, 0.82 and 0.89 compared to the HPLC method, respectively (P-value <0.05). The average level of inaccuracy for the methods in comparison with the HPLC method was calculated and the results are presented in Table 3 and Figures 1.
The correlation coefficient test between HPLC and other methods was performed and showed a good correlation between the reference method and all other methods ( Table 2 ). The regression analysis was used to investigate the accuracy of methods and the five methods were separately compared to the HPLC method ( Table 2 control and consequently the incidence of diabetic complications. This will be a very serious matter of concern when you realize that slight changes in the results can be effective on the quality of healthcare policy in preventing the complications of diabetes. HPLC and capillary electrophoresis are considered the first class methods with global approvals among the methods available for measuring HbA1c. In fact, these methods have received approvals by standardization testing using the International Federation of Clinical Chemistry and can be used as good basis for synchronization and evaluation of methods.
There are three methods available in Iran. The first group of methods that are sometimes approved globally (HPLC, capillary electrophoresis and immunoassay). The second group includes domestic production methods and finally the third group includes foreign methods that are purchased in large volumes and packaged in Iran. Naturally, methods of the second and third group experience quality loss in performance due to involvement of intermediary companies that often lack sufficient experience in the field of methods engineering. Practically, the difference in the results from the measurement of glycated hemoglobin in different centers have alarming status, particularly when considering the impact of only 1% variation in the results of HbA1c on the incidence of diabetic complications. Hence, we decided to compare the five methods available in the Iranian market with the HPLC as the verified reference method and obtain information about the accuracy of the existing methods. These findings can provide a basis for a large assessment project consisting of all available methods in the country and result in their standardization and synchronization with the international standards. The findings of our study and previous studies (22-24) indicate that the results of all HbA1c measurement methods have good correlations with the reference methods such as HPLC. The correlation between the results obtained from different methods and the reference method of measuring HbA1c is important. since the diagnosis or control of diabetic complications has fixed decision-making levels, it is necessary that the results are close enough to one another so that using kits and different methods will not affect the final decision and
DISCUSSION
Diabetes is a chronic metabolic disease and its prevalence is increasing all over the world. The main characteristic of this disease is hyperglycemia, which is the origin of various diabetic complications. The severity of complications is related to the severity of hyperglycemia in patients and successful glycemic control can significantly delay their onset or reduce the severity. The results of epidemiological studies show that the severity and prevalence of the symptoms can be controlled or corrected through proper glycemic control. The investigations in this regard show that evaluating the effectiveness of diabetes treatment protocols can be performed by measuring HbA1c levels, which is one of the products of glycosylation process in diabetes.the glycosylation rate is proportional to the concentration of blood glucose. In fact, HbA1c reflects the blood glucose concentration during the last 8-12 weeks. Since HbA1c levels are not affected by the factors such as daily changes and physical activity, it can be used as an effective index for evaluation of glycemic control. A limited reduction of HbA1c levels in diabetic patients, for example decrease from 8% to 7.2%, can be accompanied by about 43-45% reduced risk of retinopathy progression. In other words, one percent reduction in HbA1c can have significant effects on the progression of retinopathy in diabetics. It was observed during the diabetes control and complications trial that reduced risk of diabetes and progression of diabetic complications (microvascular and macrovascular) is proportional to the success rate of treatment protocols for maintaining glycemic control. Therefore, there may be a direct relationship and sustainability between the severity of various diabetic complications and success rate of glycemic control. In this regard, HbA1c test is considered a good indicator to track the effectiveness of treatment protocols for controlling hyperglycemia. There are over 30 methods available for measuring HbA1c, which are divided into two main groups. A group is based on glycosylated hemoglobin separation from each other and another is based on chemical reactions. Naturally, these methods will provide different results based on the impact of error factors before, during and after the analysis. This can significantly affect the quality of glycemic 
